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Cover photo:  A typical fire ant mound at 
Fort Hood.  Small marks on scale are 
1cm.  Inset shows inside of mound. 
 
 
 
INTRODUCTION 
 
The Red Imported Fire Ant (RIFA; Solenopsis invicta [Hymenoptera: Formicidae]) 
is an important pest species throughout the southeastern United States (Vinson 
and Sorensen 1986).  This ant is known to occur at Fort Hood, Texas.  
Throughout its range in the United States, RIFA is generally more prevalent on 
open or disturbed lands (Porter and Tschinkel 1987) and habitat edges (Stiles 
and Jones 1998), where it can dominate terrestrial macroinvertebrate 
communities (Porter and Savignano 1990).  Research elsewhere has 
demonstrated that RIFA can affect vertebrates (Allen et al. 1994) such as rabbits 
(Hill 1970), mice (Smith et al. 1990) and quail (Giuliano et al. 1996).  Stings from 
RIFA can also interfere with military field training.  On Fort Hood, RIFA are 
known to prey upon federally endangered Black Capped Vireo nestlings (Smith 
et al. 2002, Stake 2000) and appear to constitute a threat to cave communities 
(Reddell 2001).  However, no 
quantitative studies of the 
distribution and abundance of 
RIFA have been conducted at Fort 
Hood. 
 
This study documents the distribution and abundance of RIFA (as measured by 
mound counts along transects) at Fort Hood in relation to dominant vegetation 
types and levels of disturbance. 
 
OBJECTIVES 
 
The objectives of this project are to 1) document the density of Red Imported Fire 
Ants across Fort Hood, Texas; 2) to examine possible relationships between 
dominant vegetation types and fire ant mound density at Forth Hood, Texas; and 
3) to examine possible relationships between disturbance and fire ant mound 
density at Fort Hood, Texas. 
 
METHODS 
 
The distribution of the Red Imported Fire Ant (RIFA, Solenopsis invicta) at Fort 
Hood, Texas, in relation to land use and vegetation was assessed via a field 
survey and by examining land cover in a geographic information system (GIS).  
Both field and laboratory analyses were based on an array of 135 points 
distributed across the base on a 2000m grid aligned with the four major compass 
points (Figure 1).  Excluded from this survey were the impact area, the live fire 
areas, the cantonment area, and other urbanized areas.  One point was excluded 
from analysis because it fell within a restricted area, precluding collection of field 
data. 
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Field Methods 
 
Red Imported Fire Ant density and distribution was quantified using mound 
counts along transects, a method commonly used to assess fire ant activity (e.g., 
Forbes et al. 1998, Forys et al. 2002, Porter et al. 1992). 
 
Timing of sampling and selection of sites 
 
Mounds of RIFA are most apparent in the Fall and Spring in central Texas.  
During the heat of summer and coldest parts of the winter, the ants may not build 
noticeable mounds, or may not exhibit activity when mounds are disturbed.  Field 
work for this study was conducted from March through May, 2003.  Specifically, 
there were 37 field dates: 3/3/2003, 3/18/2003, 3/20/2003, 3/21/2003, 3/24/2003, 
3/25/2003, 4/2/2003, 4/3/2003, 4/4/2003, 4/5/2003, 4/6/2003, 4/8/2003, 4/9/2003, 
4/10/2003, 4/11/2003, 4/12/2003, 4/13/2003, 4/14/2003, 4/27/2003, 4/28/2003, 
4/29/2003, 4/30/2003, 5/1/2003, 5/2/2003, 5/3/2003, 5/18/2003, 5/19/2003, 
5/20/2003, 5/21/2003, 5/22/2003, 5/23/2003, 5/24/2003, 5/27/2003, 5/28/2003, 
5/29/2003, 5/30/2003, 5/31/2003. 
 
Area to be sampled 
 
Sample points (Figure 1, Appendix 1) were chosen from across Fort Hood, 
excluding the Live Fire and Dudded (Impact) areas and urbanized areas (e.g., 
Cantonment Area). 
 
Distribution of sample points 
 
A sampling grid was laid out over the base, and data were collected at regular 
intervals spaced 2000 meters apart.  This sampling interval results in 136 sample 
points (Figure 1, Appendix 1).  Access to one area was denied, leaving 135 
points for the study.  The sampling interval was selected to maximize information 
content while staying within financial limits.  A regular sampling interval was 
chosen over a random sampling interval so that all parts of the base would be 
examined with similar effort. 
 
Sampling procedure 
 
At each of the 135 points, 2 cm soil temperature was taken and a landscape 
digital photograph typical of the site was obtained. Nine sub-points on a 3 by 3 
grid centered on the primary point (Figure 2) were used for census. The field 
researcher sampled three 100 meter long transects, spaced 50 meters apart, the 
end points of which were the 9 subpoints decribed above.  Grid points, and start 
and end points for each transect, were identified in the field using a handheld 
GPS receiver (Garmin Etrex ® series), into which coordinates had previously 
been entered.  Although there is some error associated with using a handheld 
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GPS receiver, this error will average out over the samples (402 transects).  To 
walk the transect, the researcher found one end of a transect, then used the "go 
to" feature of the Garmin to find the direction and distance to the next point.  A 
compass was used to assist with line-of-site, allowing the researcher to note a 
feature, ideally 50 meters ahead, towards which to walk for the transect.  When it 
was necessary to walk around trees, etc., the researcher continued to look for 
mounds along the strait transect even if the terrain was too difficult to walk – this 
limited bias toward sampling open terrain in wooded areas.  The field researcher 
counted all active mounds within a 2 meter wide swath centered on the transect, 
thus surveying an area of 100 m2.  This value can be multiplied by 100 to convert 
to hectares, commonly used to describe fire ant mound density.  Active mounds 
are those that contain fire ants (typically, kicking a mound determines whether or 
not it is active).  Inactive mounds were not counted.  For each of the 135 sample 
points at which fire ants were present, a small collection of the ants was made to 
confirm the identity of the species. 
 
At intervals (0, 50, 100 meters) along the transect, the research used a Nikon 
Coolpix ® digital camera set on "basic" (low resolution) to take a picture of 
ground cover, using a 0.5 m2 quadrat (0.701 x 0.701 m), as described in Taylor 
(2001).  On the same setting, and at the wide-angle setting, the researcher also 
took a picture looking straight up at the canopy/sky.  This picture, taken at chest 
height, provided an estimate of canopy cover. 
 
At the end of each half of the transect, the field researcher also estimated the 
percent of that portion of the transect that was in various habitat categories: 
paved road, dirt road (no vegetated strip in middle), tank trail (two dirt tracks 
separated by vegetated strip), fire break (linear breaks in forest cover previously 
cleared, but not used as roads or tank trails), path (cow or human), bare ground 
[dirt/rock] (due to disturbance), bare ground [dirt/rock] (natural), deciduous forest, 
juniper forest, grassland, herbaceous , water, brush piles.  The number of paved 
roads, dirt roads, tank trails, and paths were also counted for each 100 meter 
transect. 
 
Figure 2 shows an example of a point with a single road that crosses transects at 
three points.  Numbers of dirt roads for each point in this example would be: A0-
A50:0, A50-A100:0, B0-B50:0, B50-B100:1, C0-C50:2, C50-C100:0, and the 
average number of dirt roads for this point would therefore be: 
(0+0+0+1+2+0)/6=0.5. 
 
Data analysis 
 
Both ground cover and canopy cover images were scored in the laboratory using 
the methods described in Taylor (2001) – attempts to differentiate deciduous and 
juniper canopy were beyond the skills of the technician, so canopy was scored 
simply as canopy or open.  All ground cover photos for each transect were 
averaged to provide an estimate of ground cover composition in the transect. 
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Data from each of the six 2 x 50 m transects (active mound count; ground cover 
composition; canopy composition; habitat category estimates; number of roads, 
trails, & paths) will be averaged to provide a best estimate for each of the 135 
sample points.  GIS data derived from satellite data (Figure 3) were used to 
characterize the vegetation class at each of the sample points, but it is unclear 
whether these data have been ground-truthed.  Aerial photography as a GIS data 
layer was used to measure the shortest (Euclidean) distance from each point to a 
dirt or paved road.  Forys et al. (2002) found a significant relationship between 
this variable and the presence of Solenopsis invicta in southern Florida. 
 
Maps were generated showing active mound density across the study area and 
relative levels of disturbance at study sites across the military base, and 
correlations between mound densities and disturbance are examined, as are 
correlations between vegetation types and mound density. 
 
Laboratory Methods 
 
In addition to analyzing the field canopy and ground cover images as described 
above, the vegetation classification, percent land cover, and distance to nearest 
road was created with Environmental Systems Research Institute (ESRI) ArcGIS.  
The 135 points used in our field study were spatially joined with a one-meter 
vegetation classification grid, which assigned vegetation classifications for each 
point with various vegetation classes: Juniper Forest, Live Oak Forest, Upland 
Deciduous Forest, North Slope Deciduous Forest, Alluvial Deciduous Forest, 
Post Oak Forest, Live Grassland/Herbaceous, Dormant Grassland/Herbaceous, 
Bare Ground, Urban Grassland, Hardscape/Roads, and “missing data”. 
 
At each of the 135 points, a 3x3 array of sub-points 50 meters apart was created. 
A circular area extending 25 meters from the corners was established producing 
a disk with a radius of 95.658 meters and area of 28,746.99 m2 (2.875 hectares, 
7.104 acres).  We created new polygons based on one-meter USGS digital 
orthophoto quadrangle (DOQ).  Polygons were drawn around trees, water, and 
bare ground, leaving the remaining area as grassland. Polygons were drawn 
slightly beyond the limits of the circle, but were clipped in a systematic method in 
order to avoid overlap.  The polygons were dissolved for each circle and land 
cover type to create a unique land cover type for each grid.  The area for each of 
these dissolved polygons was determined and divided by total area of disk to 
create percent land cover for each disk. 
  
Also using the aerial photographs with our 135 points overlaid, we measured the 
distance from each point to the near edge of the nearest dirt road and nearest 
paved road.  These distances were sometimes less than the radius of the circle.  
Figure 4 shows and example of a point with some of the polygons drawn. 
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The above procedures allowed us to collect a variety of data that may or may not 
be useful in predicting the distribution and abundance of RIFA at Fort Hood 
(Table 1).  One method of data exploration used was to create density contours 
for various variables, such as the average number of RIFA mounds per 100 m2, 
using inverse distance weighting (Figures 5, 6) or Kriging (Figure 7).  A selection 
of the original parameters have be plotted using inverse distance weighting in 
Figure 8. 
 
Statistical Analysis 
 
SAS, a statistical analysis software package, was used to analyze the numbers 
generated from the field and laboratory work. 
 
We used SAS to generate basic descriptive statistics (MEANS procedure, Table 
2) and examine simple correlations between the various variables and fire ant 
mound density (CORR procedure, Table 3).  Because percentages of many of 
the variables are not independent of other variables, the data in Tables 3 could 
be misleading.  Correlations should be interpreted with considerable caution 
because of the interactions (non-independence) between the variables.   
 
To circumvent the non-independence problems, we also conducted a multivariate 
statistical analysis.  We used principal component analysis (PCA) to reduce the 
original 34 quantitative predictors of RIFA density. The goal of the PCA analysis 
was to extract a smaller set of new predictors (factors) that would capture most of 
the essence of the original variables. It also serves the purpose of solving the 
multi-collinearity problem in that the new predictors are uncorrelated.  The SAS 
procedure FACTOR was used to conduct this analysis.  Using the correlations 
between each of the factors and the original 34 predictors, it is possible to 
describe what components of the original data are reflected in the factors. 
 
Next, we used the new predictors (factors) to create linear models that were fitted 
with the GLM (generalized linear models) procedure in SAS.  In addition to using 
the predictors (factors) from the PCA, we were able to also include the 
categorical variable cover class, a GIS-derived variable that describes the type of 
vegetation or other cover at each point with a numerical code.  The final model 
from the GLM analysis provides the best predictor of mound density from the 
available data.  The significant factors included in the model are then described 
by examining the correlations between the factors and the original predictors. 
 
RESULTS 
 
Active RIFA mounds were present in transects at 126 of the 135 points (93% of 
the points).  Average mound density (Figure 9) was 111.8 mounds/hectare, with 
the highest estimate being 383.3 mounds/hectare.   
 
Multivariate Analysis 
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In PCA, the original variables are rotated to maximize the variability of the new 
factors. The first factor accounts for the greatest proportion of the variability, and 
successive factors account for the remaining variance. In Appendix 2, the first 
column gives the eigenvalues, which are the variances of the new factors. The 
third column, Proportion, gives the percentage of the total variance in the original 
dataset of 34 variables (one variable, percent fire break, was dropped because 
all values were 0%) accounted for by each factor, while the last column gives the 
cumulative percentages. For example, the first 10 factors account for 74% of the 
total variance. 
 
The scree plot graphs (Figure 10) each factor against its eigenvalue. It is one 
way of determining how many factors to keep in the model.  Catell (1966) 
suggests retaining the factors just before the eigenvalues level off. One other 
criterion attributed to Kaiser (1960) is to retain factors with eigenvalues greater 
than 1. Using a combination of both criteria, we chose to keep 12 factors.  The 
correlation (with the original variables) of each of the 12 factors we retained in 
the model are given in Appendix 3, and the coefficients used to compute the 
factores are given in Appendix 4. The total variance in the 34 original variables 
that is explained by each of the 12 factors is given in Table 4. 
 
Linear Models 
 
We then incorporated the cover class data – our only categorical variable – into 
the analysis which included the 12 factors selected from the PCA as well.  For 
this analysis, a natural log (ln) transformation of the number of mounds was 
applied to correct the non-normality of the data. However, this created a minor 
problem with mound counts.  Because there were some points with 0 mound 
counts, 1 was added to all mound counts to ensure that the transformation would 
not result in an undefined number. This transformed variable (ln{Mound Count + 
1}) was used as the response variable. 
 
Because some of the cover classes occurred infrequently, the cover class 
categories (the source data for Figure 3) were re-classified into six new cover 
classes (Table 5). The predictors used were the 12 factors resulting from the 
PCA plus a categorical variable called cover class that describes the type of 
vegetation at each point. 
 
At this point, we were able to use the 12 factors and 6 cover class categories to 
develop a Linear Model (Table 6).  The model was significant, but not all factors 
were significant.   
 
Residual analysis (see Appendix 5) was used to check the assumptions on data 
that are required by the model fitting procedure. The residuals (actual – predicted 
values) are computed then their distribution is analyzed. The residuals should be 
normally distributed, which is affirmed by the normality tests, the box plot and the 
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normality plot. This justifies the transformation that was used on the number of 
RIFA mounds. The graph of the residual versus the fitted values (Figure 11) also 
confirms that that fitting a linear model is appropriate since we do not see 
systematic patterns in the points. 
 
We then discarded those predictors (factors) that were not significant in the full 
model (p<0.05) to produce our Final Linear Model (Table 7), which comprises the 
primary findings of this study. 
 
DISCUSSION 
 
Examination of the correlations (Table 8, Appendix 3) of the original variables 
with each of the seven significant factors in the final model (Table 7) reveals 
which of those original variables are important contributors to each of the seven 
factors.  Using this information, we interpreted the primary relationships of factors 
to original variables (Table 9).  The sign of the parameter estimates in the final 
model (Table 7) indicate the kind of relationship between individual factors (or 
new cover class categories) and RIFA mound counts.  For example, Factors 1 
(“(Dense?) Forest, near complete absence of grass”), 6 (“Disturbed ground, 
herbaceous (weedy?) vegetation”), 8 (“Rocks (grass, disturbed soil?)”) and 9 
(“Remote (less disturbed?), (native?) herbs (and grasses?)”) are associated with 
fewer mounds, whereas Factors 10 (“Brush, Dirt”), 11 (“Disturbed Rock (bare 
ground, dirt, dirt roads)”) and 12 (“<2cm diameter woody vegetation (herbaceous 
veg?)”) are associated with increased densities of mounds.  The final model can 
be expressed as a formula: 
 
ln[(number of RIFA mounds)+1] = 0.8279364571 + [.0652904546 OR  -
.0652904546  OR  0.0840069572  OR  -.4676653667  OR  -.1948723973  
OR 0.0000000000 ]  + [-.1075566739*Factor1] +  [-.0665520946*Factor6] 
+ [-.0612099526*Factor8]  + [-.0634678827*Factor9]  + 
[0.0859298276*Factor10]  + [0.0813224993*Factor11]  + 
[0.0844710010*Factor12] 
 
where the 6 numbers separated by “OR” are the coefficients of the categories of 
the new cover class variable.  This model, accounts for 36% of the variation in 
mound densities recorded in this study (see Table 7). 
 
Other studies have examined the distribution or density of RIFA mounds in 
relation to various parameters (e.g., Stiles and Jones 1998, Porter et al. 1991, 
Tschinkel 1987, Porter et al. 1992, Porter 1992).  Most of these studies note 
association of RIFA with disturbance.  Considering that large portions of Fort 
Hood are disturbed habitat, our data also generally suggest that RIFA is 
associated with disturbed habitats. 
 
The average mound density at Fort Hood was found to be almost 112 
mounds/hectare.  Porter et al. (1991) note that mound densities at infected sites 
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in Texas averaged 510 mounds/hectare.  However, their study may over-
represent  the density of mounds, as it only looked at roadside sites.  Our study 
design was such that there was no systematic bias toward sampling near roads.  
One of the Factors in the final model (Factor 9) is related to proximity to roads, 
suggesting that sites that are more remote tend to have lower RIFA mound 
densities.  This is supported by examining a plot of mound densities versus 
proximity to the nearest road (Figure 12).  In that plot, it is evident that there 
tends to be few mounds in more remote census locations. 
 
CONCLUSIONS 
 
Fire ant mound densities at Fort Hood range from 0 to 383.3, averaging almost 
112 mounds per hectare.  Of the 135 locations censused, 126 (93%) were 
infested with fire ants.  A multivariate model was developed which accounts for 
36% of the variation in fire ant mound densities.  Although Porter et al. (1991) 
report much higher mound densities for Texas, their study focused on roadsides, 
thus, the present findings may be comparable to theirs. 
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Table 1.  List of parameters for which we collected data to be compared with 
RIFA mound density. 
 
    Name in 
Variable Category  Computer 
and Subcategories  Analysis  Variable Description 
 
Field data: 
 point data: 
    STempC  2cm_Soil_Temperature 
 subdoint data: 
  canopy photograph: 
AvCanCov  Average_Canopy_Cover 
  ground cover photograph: 
GC_Litr   GC_%_Leaflitter 
GC_Wood  GC_%_Woody 
GC_Gras  GC_%_Grass 
GC_Othr  GC_%_Other 
GCRock  GC_%_Rock 
GC_Soil  GC_%_Soil 
GC_Herb  GC_%_Herbacious 
 transect data: 
  percent cover estimates: 
P_DrtRd  %_Dirt_Road 
P_Grass  %_Grass 
P_Water  %_Water 
P_DecFor  %_Deciduous_Forest 
P_JunFor  %_Juniper_Forest 
P_PvdRd  %_Paved_Road 
P_Path   %_Path 
P_Herb   %_Herbacious 
P_DstDrt  %_Disturbed_Dirt 
P_Brush  %_Brush 
P_NatDrt  %_Natural_Dirt 
P_DstRck  %_Disturbed_Rock 
P_lt2cWd  %_<2cm_Woody 
  counts: 
N_DirtRd  Number_of_Dirt_Roads 
N_PvdRd  Number_of_Paved_Roads 
N_Paths  Number_of_Paths 
N_2Track  Number_of_Two_Tracks 
N_RIFAMnd  Number of RIFA Mounds 
 
(continued)
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Table 1.  List of parameters, continued. 
 
    Name in 
Variable Category  Computer 
and Subcategories  Analysis  Variable Description 
 
Laboratory (GIS) data: 
 point data from aerial photographs: 
  percent cover: 
GISTree  GIS_%_Trees 
GISGrass  GIS_%_Grass 
GISWater  GIS_%_Water 
GISBrGnd  GIS_%_Bare_Ground 
  road distance: 
Dist2Pav  Distance_to_Nearest_Paved_Road 
Dist2Drt  Distance_to_Nearest_Dirt_Road 
 Point data from GIS coverage: 
  original cover classes: 
0   Missing data 
1   Juniper Forest 
2   Live Oak Forest 
3   Upland Deciduous Forest 
4   North Slope Deciduous Forest 
5   South Slope Deciduous Forest 
6   Alluvial Deciduous Forest 
7   Post Oak 
9   Live Grassland/Herbaceous 
10   Dormant Grassland/Herbaceous 
12   Bare Ground 
15   Urban Grassland 
16   Hardscape/Roads 
  recoded cover classes: 
    new old 
1 1  Juniper Forest 
2 2  Live Oak Forest 
3 3  Upland Deciduous Forest 
4 4, 5, 6, 7 Other Deciduous Forest and Post Oak 
5 9, 10, 15 Grassland 
6 12, 16  Bare Ground, Hardscape 
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Table 2.  Summary statistics for metrics collected at each of 135 survey points.  
RIFA mounds are given in hectares.  GIS data are m2 out of 28,746.99 m2 
(2.875 hectares, 7.104 acres).  GC=Ground Cover. 
 
 Description Mean Median StdErr Minimum Maximum 
  
Number of RIFA Mounds 111.8044 100.0000 7.6437 0.0000 383.3000 
Average Canopy Cover 31.5630 26.8890 2.5187 0.0000 91.6670 
GC Percent Rock 9.8186 6.0000 0.8337 0.0000 45.3330 
GC Percent Woody 11.7421 7.8890 1.0587 0.0000 57.6670 
GC Percent Herbacious 11.6258 9.2220 0.9357 0.0000 51.2220 
GC Percent Grass 39.9902 37.1110 2.0769 0.0000 96.6670  
GC Percent Soil 10.3209 8.1110 0.8400 0.0000 45.6670 
GC Percent Leaflitter 15.4283 10.5560 1.4216 0.0000 64.2220 
GC Percent Other 1.0741 0.0000 0.3602 0.0000 33.3330 
Cover Class from GIS 6.8519 10.0000 0.3709 0.0000 16.0000 
2cm Soil Temperature 25.1467 24.5000 0.3980 16.3000 37.6000 
Percent Paved Road 0.2483 0.0000 0.1585 0.0000 20.0000 
Percent Dirt Road 1.8700 0.0000 0.4044 0.0000 25.0000 
Percent Two Track 2.6496 1.0000 0.3575 0.0000 26.6670 
Percent Fire Break 0.0000 0.0000 0.0000 0.0000 0.0000 
Percent Path 0.3136 0.0000 0.1059 0.0000 8.3330 
Percent Disturbed Rock 0.2938 0.0000 0.0875 0.0000 5.8330 
Percent Disturbed Dirt 8.7778 2.5000 1.0854 0.0000 52.5000 
Percent Natural Rock 1.0775 0.0000 0.2489 0.0000 16.5000 
Percent Natural Dirt 1.3810 0.0000 0.2373 0.0000 19.0000 
Percent Deciduous Forest 18.8310 13.3330 1.6659 0.0000 73.3330 
Percent Juniper Forest 17.8900 5.0000 1.8368 0.0000 75.5000 
Percent Grass 41.9318 45.0000 2.5042 0.0000 98.1670 
Percent Herbacious 1.0487 0.0000 0.2597 0.0000 20.0000 
Percent <2cm Woody 2.2072 0.5000 0.3291 0.0000 22.9570 
Percent Brush 1.0131 0.0000 0.1966 0.0000 13.3330 
Percent Water 0.4665 0.0000 0.2613 0.0000 33.3330 
Number of Paved Roads 0.0111 0.0000 0.0056 0.0000 0.5000 
Number of Dirt Roads 0.0772 0.0000 0.0152 0.0000 1.1670 
Number of Two Tracks 0.1743 0.1670 0.0193 0.0000 1.1670 
Number of Paths 0.0457 0.0000 0.0118 0.0000 1.0000 
Dist to Nearest Dirt Rd 205.7652 102.9110 20.6749 0.5780 1149.1500 
Dist to Nearest PavedRd 1311.8704 1103.5690 93.6458 29.0690 5416.0150 
GIS Bare Ground 1762.5765 1002.2470 184.2405 0.0000 10274.4300 
GIS Grass 16672.4817 18418.4020 701.3321 965.0040 28588.3320 
GIS Trees 10231.4181 7700.3740 741.0755 0.0000 27319.6450 
GIS Water 80.5222 0.0000 45.4801 0.0000 5707.7840 
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Table 3.  Simple correlations between various parameters and RIFA mound 
density (N=135 sample points). 
 
   Percent of  
Parameter Name R R2 variation P value 
 
  % Juniper Forest -0.29345 0.0861 8.6113 0.0006 
Average Canopy Cover -0.22586 0.0510 5.1013 0.0084 
% Natural Rock -0.18487 0.0342 3.4177 0.0318 
Distance to Nearest Dirt Road -0.17794 0.0317 3.1663 0.0389 
GC % Leaflitter -0.16644 0.0277 2.7702 0.0537 
% Deciduous Forest -0.14672 0.0215 2.1527 0.0895 
GIS % Trees -0.14481 0.0210 2.0970 0.0938 
Distance to Nearest Paved Road -0.14182 0.0201 2.0113 0.1008 
% Herbacious -0.13367 0.0179 1.7868 0.1222 
GC % Rock -0.11611 0.0135 1.3482 0.1799 
% Water -0.10316 0.0106 1.0642 0.2338 
GIS % Water -0.09701 0.0094 0.9411 0.263 
GC % Soil -0.07552 0.0057 0.5703 0.384 
% Path -0.0416 0.0017 0.1731 0.6319 
GC % Other -0.03555 0.0013 0.1264 0.6823 
GC % Herbacious -0.0316 0.0010 0.0999 0.716 
GC % Woody -0.03127 0.0010 0.0978 0.7189 
% Disturbed Dirt -0.01881 0.0004 0.0354 0.8286 
% Dirt Road 0.00027 0.0000 0.0000 0.9975 
Number of Two Tracks 0.02169 0.0005 0.0470 0.8028 
Number of Dirt Roads 0.03274 0.0011 0.1072 0.7062 
% Paved Road 0.03366 0.0011 0.1133 0.6983 
GIS % Bare Ground 0.05585 0.0031 0.3119 0.52 
Number of Paths 0.06253 0.0039 0.3910 0.4713 
2cm Soil Temperature 0.07117 0.0051 0.5065 0.4121 
Number of Paved Roads 0.0884 0.0078 0.7815 0.3079 
% Two Track 0.09158 0.0084 0.8387 0.2908 
% Natural Dirt 0.13891 0.0193 1.9296 0.1081 
% Disturbed Rock 0.14114 0.0199 1.9920 0.1025 
GIS % Grass 0.14457 0.0209 2.0900 0.0943 
Cover Class from GIS 0.16648 0.0277 2.7716 0.0536 
GC % Grass 0.22741 0.0517 5.1715 0.008 
% <2cm Woody 0.23803 0.0567 5.6658 0.0054 
% Grass 0.27689 0.0767 7.6668 0.0011 
% Brush 0.30891 0.0954 9.5425 0.0003 
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Table 4. Variance (in original 34 variables) explained by each factor (after 
rotation).  
 
 
Factor1 6.4163102 
Factor2 2.708891 
Factor3 2.2609493 
Factor4 2.2490275 
Factor5 2.0429734 
Factor6 2.0169818 
Factor7 1.9181645 
Factor8 1.750416 
Factor9 1.6477342 
Factor10 1.4998957 
Factor11 1.4612625 
Factor12 1.2348651 
 
 
 
 
 
Table 5.  Reclassification of cover class categories. 
 
 
Original Classification: 
Cover Class Cover Class Code Frequency 
Missing data 0 3 
Juniper Forest 1 26 
Live Oak Forest 2 4 
Upland Deciduous Forest 3 15 
North Slope Deciduous Forest 4 6 
South Slope Deciduous Forest 5 2 
Alluvial Deciduous Forest 6 2 
Post Oak 7 1 
Live Grassland/Herbaceous 9 6 
Dormant Grassland/Herbaceous 10 54 
Bare Ground 12 14 
Urban Grassland 15 1 
Hardscape/Roads 16 1 
New Classification: 
 New Cover Class New Cover Class Code Old Codes Frequency
Juniper Forest 1 1 26
Live Oak Forest 2 2 4
Upland Deciduous Forest 3 3 15
Other Deciduous Forest and Post Oak 4 4, 5, 6, 7 11
Grassland 5 9, 10, 15 61
Bare Ground, Hardscape 6 12, 16 15
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Table 6.  Full linear model (all 12 factors + new cover class included). 
 
 
       Class Level Information 
Class           Levels    Values 
NewCvrClas           6    1 2 3 4 5 6 
 
Number of observations    135 
NOTE: Due to missing values, only 132 observations can be used in this analysis. 
Dependent Variable: log_N_RIFAmd 
                                       Sum of 
Source                      DF         Squares     Mean Square    F Value    Pr > F 
Model                       17      7.75623414      0.45624907       3.80    <.0001 
Error                      114     13.67117656      0.11992260 
Corrected Total            131     21.42741069 
 
R-Square     Coeff Var      Root MSE    log_N_RIFAmd Mean 
0.361977      51.29187      0.346298             0.675153 
 
Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
NewCvrClas                   5      1.68041823      0.33608365       2.80    0.0200 
Factor1                      1      0.77055231      0.77055231       6.43    0.0126 
Factor2                      1      0.01185809      0.01185809       0.10    0.7538 
Factor3                      1      0.02168820      0.02168820       0.18    0.6714 
Factor4                      1      0.01175838      0.01175838       0.10    0.7548 
Factor5                      1      0.00698713      0.00698713       0.06    0.8097 
Factor6                      1      0.50528615      0.50528615       4.21    0.0424 
Factor7                      1      0.00135917      0.00135917       0.01    0.9154 
Factor8                      1      0.48551710      0.48551710       4.05    0.0466 
Factor9                      1      0.51569880      0.51569880       4.30    0.0404 
Factor10                     1      0.90592452      0.90592452       7.55    0.0070 
Factor11                     1      0.82264170      0.82264170       6.86    0.0100 
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Table 7.  Final linear model.  The model includes only the six significant factors 
from the PCA plus the new cover class categories.  Cover class categories with 
the same letter (near bottom right of page in bold italics) are not siginificantly 
different from one another. 
 
 
Dependent Variable: log_N_RIFAmd 
                                        Sum of 
Source                      DF         Squares     Mean Square    F Value    Pr > F 
Model                       12      7.71703600      0.64308633       5.58    <.0001 
Error                      119     13.71037470      0.11521323 
Corrected Total            131     21.42741069 
 
R-Square     Coeff Var      Root MSE    log_N_RIFAmd Mean 
0.360148      50.27467      0.339431             0.675153 
 
Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
NewCvrClas                   5      1.86188413      0.37237683       3.23    0.0090 
Factor1                      1      0.76098407      0.76098407       6.61    0.0114 
Factor6                      1      0.53157093      0.53157093       4.61    0.0337 
Factor8                      1      0.48276255      0.48276255       4.19    0.0429 
Factor9                      1      0.49556384      0.49556384       4.30    0.0402 
Factor10                     1      0.90112606      0.90112606       7.82    0.0060 
Factor11                     1      0.80535745      0.80535745       6.99    0.0093 
Factor12                     1      0.88857706      0.88857706       7.71    0.0064 
 
                                       Standard 
Parameter            Estimate             Error    t Value    Pr > |t| 
Intercept        0.8279364571 B      0.09146645       9.05      <.0001 
NewCvrClas 1     -.0652904546 B      0.12779914      -0.51      0.6104   A 
NewCvrClas 2     0.0840069572 B      0.19882212       0.42      0.6734   A 
NewCvrClas 3     -.1347478933 B      0.13211934      -1.02      0.3098   A 
NewCvrClas 4     -.4676653667 B      0.15355814      -3.05      0.0029   B 
NewCvrClas 5     -.1948723973 B      0.10056936      -1.94      0.0550   B 
NewCvrClas 6     0.0000000000 B       .                .         .       A 
Factor1          -.1075566739        0.04185051      -2.57      0.0114 
Factor6          -.0665520946        0.03098363      -2.15      0.0337 
Factor8          -.0612099526        0.02990243      -2.05      0.0429 
Factor9          -.0634678827        0.03060239      -2.07      0.0402 
Factor10         0.0859298276        0.03072574       2.80      0.0060 
Factor11         0.0813224993        0.03075867       2.64      0.0093 
Factor12         0.0844710010        0.03041664       2.78      0.0064 
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Table 8. Correlations between seven significant factors in final model and original 
variables used in this study.  Correlations in bold are >50%, other correlations 
are not shown.  Full data available in Appendix 3. 
 
 
   Factors 
 
 
Original Variable 1 6 8 9 10 11 12 
 
 
Average Canopy Cover 0.89 . . . . . . 
Distance to Nearest Paved Road . . . 0.81 . . . 
GC Percent Grass -0.85 . . . . . . 
GC Percent Herbacious . . . 0.67 . . . 
GC Percent Leaflitter 0.81 . . . . . . 
GC Percent Rock . . 0.60 . . . . 
GC Percent Soil . 0.60 . . . . . 
GC Percent Woody 0.75 . . . . . . 
GIS Percent Grass -0.72 . . . . . . 
GIS Percent Trees 0.73 . . . . . . 
Percent <2cm Woody . . . . . . 0.84 
Percent Brush . . . . 0.85 . . 
Percent Deciduous Forest 0.77 . . . . . . 
Percent Disturbed Dirt . 0.69 . . . . . 
Percent Disturbed Rock . . . . . 0.84 . 
Percent Grass -0.93 . . . . . . 
Percent Herbacious . 0.71 . . . . . 
Percent Juniper Forest 0.73 . . . . . . 
Percent Natural Dirt . . . . 0.66 . . 
Percent Natural Rock . . 0.79 . . . . 
 
 
 
Table 9.  Interpretations primary relationships of factors to original variables.  
Interpretations based on Table 8 and Appendix 3. 
 
 
Factor 1  (Dense?) Forest, near complete absence of grass 
Factor 6  Disturbed ground, herbaceous (weedy?) vegetation 
Factor 8  Rocks (grass, disturbed soil?) 
Factor 9  Remote (less disturbed?), (native?) herbs (and grasses?) 
Factor 10  Brush, Dirt 
Factor 11  Disturbed Rock (bare ground, dirt, dirt roads) 
Factor 12  <2cm diameter woody vegetation (herbaceous veg?) 
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Figure 1.  Map of Fort Hood (Bell and Coryell counties, Texas) showing urban 
areas (dark green), live fire area (dark red), permanently duded (=impact) area 
(bright green), and other training areas (army green).  The map is overlaid with a 
grid of light blue marks at 2000 meter intervals in the other training areas.  These 
marks represent sampling points for the base-wide survey of fire ants 
(Solenopsis invicta). 
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Figure 2.  Three by three array of sub-points for field sampling at a single major 
point from Figure 1.  Subpoints are distributed at 50 meter intervals on a grid.  
Field personnel walked six transects, each 2 meters in width: A0-A50, A50-A100, 
B0-B50, B50-B100, C0-C50, C50-C100.  In addition to collecting transect data, 
subpoint data were collected at each of the 9 subpoints (A0, A50, A100, B0, B50, 
B100, C0, C50, C100).  The curved line represents a dirt road, see text for 
discussion. 
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Figure 3.  Map of Fort Hood showing generalized vegetation classes based on 
satellite data. 
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Figure 4.  Screen snapshot of ArcGIS using aerial photography to create 
polygons.  Note line extending from center of point up off of top of screen – this 
line is measuring the distance to the nearest paved road.  Blue polygons cover 
bare ground (including a dirt road), yellow polygons cover trees. 
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Figure 5.  Plot of RIFA mound density (mean number of mounds per 100 m2) 
across Fort Hood, Texas, using inverse distance weighting.  Note that the 
procedure extrapolates to unsampled areas. 
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Figure 6.  Plot of RIFA mound density (mean number of mounds per 100 m2) 
across Fort Hood, Texas, using inverse distance weighting, areas not sampled 
have been omitted. 
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Figure 7.  Plot of RIFA mound density (mean number of mounds per 100 m2) 
across Fort Hood, Texas, using kriging.  Note that the procedure extrapolates to 
unsampled areas.  Compare to Figure 5. 
 27
A   B  
C   D  
E   F  
G   H  
Figure 8.  Density plots of selected original parameters  across Fort Hood, Texas, 
using inverse distance weighting, areas not sampled have been omitted. 
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Figure 9.  Frequency distribution of mound counts, expressed as mounds per 
hectare, across the 135 sampling points at Fort Hood. 
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Figure 10.  Scree plot of eigenvalues, plotting each factor against its eigenvalue 
to determine how many factors to retain in the analysis. 
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Figure 11. Graph of the residual versus the fitted values in the full linear model. 
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Figure 12.  Number of fire ant mounds per hectare compared to distance to 
nearest dirt road and distance to nearest paved road. 
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Appendix 1.  Sample points (meters) for base-wide survey of fire ants 
(Solenopsis invicta).  These points are also shown in Figure 2.  All data are in 
UTM zone 14, NAD 1983. 
 
Point Name Easting Northing 
 
1 615000 3473000 
2 613000 3471000 
3 615000 3471000 
4 619000 3471000 
5 627000 3471000 
6 613000 3469000 
7 615000 3469000 
8 617000 3469000 
9 619000 3469000 
10 625000 3469000 
11 627000 3469000 
12 611000 3467000 
13 613000 3467000 
14 615000 3467000 
15 617000 3467000 
16 627000 3467000 
17 609000 3465000 
18 611000 3465000 
19 613000 3465000 
20 615000 3465000 
21 617000 3465000 
22 607000 3463000 
23 609000 3463000 
24 611000 3463000 
25 613000 3463000 
26 615000 3463000 
27 617000 3463000 
28 627000 3463000 
28 607000 3461000 
30 609000 3461000 
31 611000 3461000 
32 613000 3461000 
33 615000 3461000 
34 617000 3461000 
35 629000 3461000 
36 631000 3461000 
37 605000 3459000 
38 607000 3459000 
39 609000 3459000 
40 611000 3459000 
41 613000 3459000 
42 615000 3459000 
43 617000 3459000 
44 631000 3459000 
45 633000 3459000 
46 635000 3459000 
47 605000 3457000 
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Appendix 1.  Continued. 
 
Point Name Easting Northing 
 
48 607000 3457000 
49 609000 3457000 
50 611000 3457000 
51 613000 3457000 
52 615000 3457000 
53 631000 3457000 
54 633000 3457000 
55 635000 3457000 
56 605000 3455000 
57 607000 3455000 
58 609000 3455000 
59 611000 3455000 
60 613000 3455000 
61 631000 3455000 
62 633000 3455000 
63 635000 3455000 
64 637000 3455000 
65 639000 3455000 
66 641000 3455000 
67 605000 3453000 
68 607000 3453000 
69 609000 3453000 
70 611000 3453000 
71 613000 3453000 
72 631000 3453000 
73 633000 3453000 
74 635000 3453000 
75 637000 3453000 
76 639000 3453000 
77 641000 3453000 
78 605000 3451000 
79 607000 3451000 
80 609000 3451000 
81 611000 3451000 
82 613000 3451000 
83 631000 3451000 
84 635000 3451000 
85 637000 3451000 
86 639000 3451000 
87 641000 3451000 
88 605000 3449000 
89 607000 3449000 
90 609000 3449000 
91 611000 3449000 
92 613000 3449000 
93 627000 3449000 
94 629000 3449000 
95 631000 3449000 
96 633000 3449000 
97 635000 3449000 
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Appendix 1.  Continued. 
 
Point Name Easting Northing 
 
98 639000 3449000 
99 641000 3449000 
100 605000 3447000 
101 607000 3447000 
102 609000 3447000 
103 611000 3447000 
104 617000 3447000 
105 623000 3447000 
106 625000 3447000 
107 627000 3447000 
108 629000 3447000 
109 631000 3447000 
110 633000 3447000 
111 635000 3447000 
112 637000 3447000 
113 607000 3445000 
114 627000 3445000 
115 629000 3445000 
116 631000 3445000 
117 633000 3445000 
118 635000 3445000 
119 637000 3445000 
120 639000 3445000 
121 609000 3443000 
122 635000 3443000 
123 637000 3443000 
124 639000 3443000 
125 609000 3441000 
126 611000 3441000 
127 607000 3439000 
128 609000 3437000 
129 611000 3437000 (this point was not sampled - access was denied) 
130 611000 3435000 
131 613000 3435000 
132 615000 3435000 
133 617000 3435000 
134 613000 3433000 
135 615000 3433000 
136 617000 3433000 
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Appendix 2.  Eigenvalues of the correlation matrix from principle components 
analysis. 
 
 
        Eigenvalue    Difference    Proportion    Cumulative 
 
   1    7.45770225    4.10753722        0.2193        0.2193 
   2    3.35016502    0.33749164        0.0985        0.3179 
   3    3.01267338    0.83078519        0.0886        0.4065 
   4    2.18188819    0.15731852        0.0642        0.4707 
   5    2.02456967    0.22390994        0.0595        0.5302 
   6    1.80065974    0.20922165        0.0530        0.5832 
   7    1.59143809    0.13668033        0.0468        0.6300 
   8    1.45475775    0.24217393        0.0428        0.6728 
   9    1.21258383    0.08822075        0.0357        0.7084 
  10    1.12436308    0.05981034        0.0331        0.7415 
  11    1.06455273    0.13243526        0.0313        0.7728 
  12    0.93211748    0.03456136        0.0274        0.8002 
  13    0.89755612    0.11675330        0.0264        0.8266 
  14    0.78080282    0.05668667        0.0230        0.8496 
  15    0.72411616    0.11875541        0.0213        0.8709 
  16    0.60536075    0.09279388        0.0178        0.8887 
  17    0.51256687    0.03331387        0.0151        0.9038 
  18    0.47925300    0.06225083        0.0141        0.9179 
  19    0.41700217    0.03144904        0.0123        0.9301 
  20    0.38555313    0.02044298        0.0113        0.9415 
  21    0.36511015    0.08973142        0.0107        0.9522 
  22    0.27537873    0.02619145        0.0081        0.9603 
  23    0.24918728    0.00899084        0.0073        0.9676 
  24    0.24019644    0.03403173        0.0071        0.9747 
  25    0.20616471    0.03669340        0.0061        0.9808 
  26    0.16947131    0.01725837        0.0050        0.9857 
  27    0.15221293    0.02165410        0.0045        0.9902 
  28    0.13055884    0.02400808        0.0038        0.9941 
  29    0.10655076    0.03224885        0.0031        0.9972 
  30    0.07430191    0.05311725        0.0022        0.9994 
  31    0.02118466    0.02118459        0.0006        1.0000 
  32    0.00000007    0.00000007        0.0000        1.0000 
  33    0.00000000    0.00000000        0.0000        1.0000 
  34    0.00000000                      0.0000        1.0000 
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Appendix 3. Rotated Factor Pattern - the correlation of each factor with the 
original variables. 
 
                                               Factor1      Factor2      Factor3      Factor4 
 
AvCanCov   Average_Canopy_Cover                0.89228     -0.01330     -0.10568     -0.08205 
GC_Litr    GC_%_Leaflitter                     0.81465      0.01388     -0.04504     -0.05046 
P_DecFor   %_Deciduous_Forest                  0.77118      0.18951     -0.09850     -0.11600 
GC_Wood    GC_%_Woody                          0.75169     -0.06576     -0.11673     -0.12568 
P_JunFor   %_Juniper_Forest                    0.72686     -0.17581     -0.06194      0.12627 
GISTree    GIS_%_Trees                         0.72591     -0.11832     -0.10055     -0.08316 
GISGrass   GIS_%_Grass                        -0.72032      0.05023     -0.01044     -0.01365 
GC_Gras    GC_%_Grass                         -0.85357     -0.14699     -0.08456      0.05334 
P_Grass    %_Grass                            -0.93055     -0.10338     -0.03657     -0.05009 
P_Water    %_Water                             0.03718      0.96382     -0.00984     -0.05928 
GISWater   GIS_%_Water                         0.03113      0.95733      0.00570     -0.06276 
GC_Othr    GC_%_Other                          0.00842      0.79002      0.07718      0.48080 
P_DrtRd    %_Dirt_Road                        -0.03797      0.05315      0.89041     -0.02901 
N_DirtRd   Number_of_Dirt_Roads               -0.03612     -0.02122      0.87322      0.08621 
GISBrGnd   GIS_%_Bare_Ground                  -0.18507      0.04862      0.44329      0.40187 
P_PvdRd    %_Paved_Road                       -0.01033      0.05529      0.08366      0.93075 
N_PvdRd    Number_of_Paved_Roads              -0.12184      0.00357     -0.02764      0.85123 
N_Paths    Number_of_Paths                     0.17927      0.13636     -0.02398     -0.04404 
P_Path     %_Path                              0.15873      0.25349     -0.07614     -0.03638 
P_Herb     %_Herbacious                       -0.12117     -0.03779     -0.19240      0.01741 
P_DstDrt   %_Disturbed_Dirt                   -0.32395     -0.00585      0.10720     -0.04533 
GC_Soil    GC_%_Soil                          -0.24469      0.02356      0.33533      0.04187 
N_2Track   Number_of_Two_Tracks                0.02302     -0.03091     -0.00831     -0.07818 
P_2Trk     %_Two_Track                         0.02627     -0.05131     -0.03444     -0.05230 
P_NatRck   %_Natural_Rock                      0.22565     -0.00777     -0.16962     -0.00785 
GCRock     GC_%_Rock                           0.31911     -0.04918      0.08212     -0.03823 
Dist2Pav   Distance_to_Nearest_Paved_Road      0.26271     -0.03165     -0.06213     -0.08012 
GC_Herb    GC_%_Herbacious                    -0.26143      0.09813     -0.01572     -0.08814 
Dist2Drt   Distance_to_Nearest_Dirt_Road       0.14835      0.03100     -0.39565     -0.02931 
P_Brush    %_Brush                             0.03708     -0.06454     -0.13832     -0.12475 
P_NatDrt   %_Natural_Dirt                      0.01921      0.03849      0.19591      0.34778 
P_DstRck   %_Disturbed_Rock                   -0.02276     -0.04497     -0.01601      0.01432 
P_lt2cWd   %_<2cm_Woody                        0.02611      0.00341     -0.07005     -0.07164 
STempC     2cm_Soil_Temperature               -0.14353     -0.00880     -0.09364     -0.09034 
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Appendix 3. (Continued) Rotated Factor Pattern - the correlation of each factor 
with the original variables. 
                                               Factor5      Factor6      Factor7      Factor8 
 
AvCanCov   Average_Canopy_Cover                0.10796     -0.23955     -0.05357     -0.00988 
GC_Litr    GC_%_Leaflitter                     0.19655     -0.15508      0.06572     -0.21925 
P_DecFor   %_Deciduous_Forest                 -0.16391     -0.23280     -0.09245     -0.22778 
GC_Wood    GC_%_Woody                          0.01511     -0.20101      0.01400      0.04950 
P_JunFor   %_Juniper_Forest                    0.21947     -0.13677     -0.07156      0.28663 
GISTree    GIS_%_Trees                         0.26808     -0.26317      0.11216      0.29905 
GISGrass   GIS_%_Grass                        -0.27167      0.20974     -0.16392     -0.34462 
GC_Gras    GC_%_Grass                          0.00828     -0.21583      0.01470     -0.20868 
P_Grass    %_Grass                            -0.00899     -0.09073     -0.04247     -0.16396 
P_Water    %_Water                             0.15073     -0.01832     -0.03973     -0.00729 
GISWater   GIS_%_Water                         0.14465      0.01251     -0.01681      0.00420 
GC_Othr    GC_%_Other                          0.08157     -0.03078     -0.05508     -0.05539 
P_DrtRd    %_Dirt_Road                        -0.05100     -0.00801     -0.04654     -0.06334 
N_DirtRd   Number_of_Dirt_Roads                0.00132      0.00550     -0.01896     -0.06356 
GISBrGnd   GIS_%_Bare_Ground                  -0.07971      0.25701      0.17666      0.10794 
P_PvdRd    %_Paved_Road                       -0.04821      0.00545     -0.03801     -0.02400 
N_PvdRd    Number_of_Paved_Roads               0.00310     -0.01103     -0.11809     -0.00182 
N_Paths    Number_of_Paths                     0.86817     -0.05225     -0.05328     -0.08493 
P_Path     %_Path                              0.77322     -0.01781      0.03378     -0.13537 
P_Herb     %_Herbacious                        0.00293      0.71009      0.02407     -0.13277 
P_DstDrt   %_Disturbed_Dirt                   -0.09398      0.68917     -0.01681      0.08617 
GC_Soil    GC_%_Soil                          -0.04091      0.60498     -0.06157      0.29688 
N_2Track   Number_of_Two_Tracks               -0.01251      0.00954      0.91832      0.05983 
P_2Trk     %_Two_Track                        -0.03329     -0.01863      0.90190      0.07407 
P_NatRck   %_Natural_Rock                     -0.10271     -0.06363      0.10897      0.78523 
GCRock     GC_%_Rock                          -0.32029      0.30973      0.10964      0.60200 
Dist2Pav   Distance_to_Nearest_Paved_Road     -0.08732     -0.18977     -0.01385      0.08189 
GC_Herb    GC_%_Herbacious                    -0.04341      0.13488     -0.16953     -0.04128 
Dist2Drt   Distance_to_Nearest_Dirt_Road       0.08834      0.24625     -0.03204     -0.29477 
P_Brush    %_Brush                             0.04685     -0.06902      0.00764     -0.12697 
P_NatDrt   %_Natural_Dirt                     -0.16456      0.04690      0.16392      0.07670 
P_DstRck   %_Disturbed_Rock                    0.02017      0.05421      0.13621     -0.01267 
P_lt2cWd   %_<2cm_Woody                       -0.10276     -0.11209      0.10205      0.10981 
STempC     2cm_Soil_Temperature               -0.41946     -0.02210      0.16283     -0.08601 
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Appendix 3. (Continued) Rotated Factor Pattern - the correlation of each factor 
with the original variables. 
                                               Factor9     Factor10     Factor11     Factor12 
 
AvCanCov   Average_Canopy_Cover                0.08983     -0.00384     -0.10905     -0.03303 
GC_Litr    GC_%_Leaflitter                    -0.13412     -0.09436     -0.12627      0.02311 
P_DecFor   %_Deciduous_Forest                 -0.05651     -0.17944     -0.00306      0.24904 
GC_Wood    GC_%_Woody                         -0.23736      0.05683      0.17756     -0.15445 
P_JunFor   %_Juniper_Forest                    0.19708      0.04513     -0.25570     -0.16758 
GISTree    GIS_%_Trees                         0.23154      0.17380     -0.13257      0.06418 
GISGrass   GIS_%_Grass                        -0.21883     -0.21292      0.04186     -0.05147 
GC_Gras    GC_%_Grass                         -0.05641      0.02520     -0.15390     -0.01779 
P_Grass    %_Grass                            -0.03664     -0.01675      0.02894     -0.10930 
P_Water    %_Water                             0.01400     -0.02216     -0.03421      0.00645 
GISWater   GIS_%_Water                         0.04366     -0.00884     -0.04305      0.03833 
GC_Othr    GC_%_Other                         -0.02100     -0.02073      0.05233     -0.04451 
P_DrtRd    %_Dirt_Road                        -0.01548     -0.05166      0.01782      0.01371 
N_DirtRd   Number_of_Dirt_Roads               -0.04124     -0.00504     -0.06195     -0.04451 
GISBrGnd   GIS_%_Bare_Ground                  -0.10864      0.11361      0.38427     -0.07102 
P_PvdRd    %_Paved_Road                        0.00885      0.08770      0.00250     -0.05384 
N_PvdRd    Number_of_Paved_Roads              -0.11853     -0.05509     -0.00266      0.01527 
N_Paths    Number_of_Paths                    -0.06068      0.03607      0.01791     -0.05491 
P_Path     %_Path                             -0.05778     -0.08123      0.00905     -0.03618 
P_Herb     %_Herbacious                        0.09202     -0.07928     -0.04711      0.01285 
P_DstDrt   %_Disturbed_Dirt                   -0.15787     -0.05191      0.29326     -0.18881 
GC_Soil    GC_%_Soil                          -0.06972      0.12352     -0.02887     -0.02872 
N_2Track   Number_of_Two_Tracks               -0.05068      0.06239      0.06096     -0.00827 
P_2Trk     %_Two_Track                        -0.06438      0.04024      0.11401      0.06440 
P_NatRck   %_Natural_Rock                     -0.00673     -0.11619     -0.08992      0.17269 
GCRock     GC_%_Rock                           0.00232      0.00111      0.17533     -0.02684 
Dist2Pav   Distance_to_Nearest_Paved_Road      0.81162      0.05330     -0.00378     -0.13314 
GC_Herb    GC_%_Herbacious                     0.66616     -0.08077      0.18211      0.24597 
Dist2Drt   Distance_to_Nearest_Dirt_Road       0.44621     -0.29049     -0.25778      0.02931 
P_Brush    %_Brush                            -0.04580      0.84585      0.05357      0.11890 
P_NatDrt   %_Natural_Dirt                      0.01054      0.66159     -0.18452     -0.00010 
P_DstRck   %_Disturbed_Rock                    0.10020     -0.06954      0.84470      0.08227 
P_lt2cWd   %_<2cm_Woody                        0.00331      0.16296      0.11422      0.84121 
STempC     2cm_Soil_Temperature               -0.14478      0.14243      0.35632     -0.45063 
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Appendix  4. Standardized scoring coefficients used to compute the factors from 
the original variables. For example, Factor 1 = 0.15269535*AvCanCov + 
0.15755768*GC_Litr + etc. 
 
                                               Factor1      Factor2      Factor3      Factor4 
 
AvCanCov   Average_Canopy_Cover             0.15269535   -0.0120542   0.00101951   -0.0060826 
GC_Litr    GC_%_Leaflitter                  0.15755768   -1.1374076   0.11104363   -0.7056209 
P_DecFor   %_Deciduous_Forest               0.33726996    -2.377711   0.13807982    0.5389524 
GC_Wood    GC_%_Woody                       0.12663417   -0.8402667   0.00344437    -0.581259 
P_JunFor   %_Juniper_Forest                 0.23970012   -2.7765735    0.1435257   0.68454796 
GISTree    GIS_%_Trees                      0.05023521   -0.0821451    0.0044811   -0.0013171 
GISGrass   GIS_%_Grass                      -0.0521564    -0.000799   -0.0371751   -0.0166687 
GC_Gras    GC_%_Grass                       -0.2225416   -1.6654347   0.07335151   -1.0341882 
P_Grass    %_Grass                          0.02528739   -3.7022034   0.16594061   0.78690138 
P_Water    %_Water                                   0            0            0            0 
GISWater   GIS_%_Water                      -0.0223012   0.37864233   -0.0105456   -0.0866934 
GC_Othr    GC_%_Other                                0            0            0            0 
P_DrtRd    %_Dirt_Road                      0.06516611   -0.5982097   0.48493158   0.05255075 
N_DirtRd   Number_of_Dirt_Roads             0.02866341   -0.0395463   0.43590729   -0.0256397 
GISBrGnd   GIS_%_Bare_Ground                0.01825982   -0.0174288   0.14032018   0.15413359 
P_PvdRd    %_Paved_Road                     0.04823844   -0.2614944   -0.0239131   0.49243955 
N_PvdRd    Number_of_Paved_Roads            -0.0011845   -0.0559048   -0.0904094   0.41436441 
N_Paths    Number_of_Paths                  -0.0307873   -0.0405439   0.01038672   -0.0169015 
P_Path     %_Path                           -0.0106881   -0.1423399   -0.0028456   0.03154758 
P_Herb     %_Herbacious                     0.09971602   -0.4196731   -0.0870975   0.11529578 
P_DstDrt   %_Disturbed_Dirt                 0.12265716   -1.5991909   0.06794964   0.30263169 
GC_Soil    GC_%_Soil                        -0.0146963   -0.6481077   0.14938537   -0.4745087 
N_2Track   Number_of_Two_Tracks             -0.0108268   0.02060461   0.01894269   0.00143266 
P_2Trk     %_Two_Track                      0.02077267   -0.5170279   0.03297835    0.1407623 
P_NatRck   %_Natural_Rock                   -0.0505002   -0.3257268    -0.083003   0.08644977 
GCRock     GC_%_Rock                        0.04540111   -0.6224349   0.04199194   -0.4595029 
Dist2Pav   Distance_to_Nearest_Paved_Road   -0.0014786   0.01737309   0.04306717   -0.0100545 
GC_Herb    GC_%_Herbacious                  -0.0623877   -0.7091773   0.09310291   -0.4918581 
Dist2Drt   Distance_to_Nearest_Dirt_Road    0.06675099   -0.0129154   -0.1220798   0.05786843 
P_Brush    %_Brush                          0.03604673   -0.2854931   -0.0772935   -0.0290318 
P_NatDrt   %_Natural_Dirt                    0.0473322   -0.3018967   0.05986203    0.1843033 
P_DstRck   %_Disturbed_Rock                 0.02855268   -0.1842949   -0.0196459   0.08125163 
P_lt2cWd   %_<2cm_Woody                     0.02100168   -0.4971731   0.01602901   0.11554349 
STempC     2cm_Soil_Temperature             0.01782691   0.07485953   -0.0977788   -0.0659462 
 39
Appendix  4. (Continued) Standardized scoring coefficients used to compute the 
factors from the original variables. 
 
 
                                               Factor5      Factor6      Factor7      Factor8 
 
AvCanCov   Average_Canopy_Cover             -0.0359482   -0.0201882   -0.0306849    -0.081397 
GC_Litr    GC_%_Leaflitter                  0.13602147    0.2646888   0.01980422   -0.2190879 
P_DecFor   %_Deciduous_Forest               -0.0517104     0.157465    -0.074153   -0.6283964 
GC_Wood    GC_%_Woody                       0.06123764    0.0990822    -0.106338   -0.0084382 
P_JunFor   %_Juniper_Forest                 0.27727637   0.18327545   -0.0791326   -0.2829811 
GISTree    GIS_%_Trees                      0.12682644   -0.0647318   0.02747357   0.13666148 
GISGrass   GIS_%_Grass                      -0.1383653   0.05599924   -0.0474055   -0.1609415 
GC_Gras    GC_%_Grass                       0.24641824   0.10497504   -0.0176007   0.01669887 
P_Grass    %_Grass                          0.32221073   0.09180956    -0.064903   -0.5352927 
P_Water    %_Water                                   0            0            0            0 
GISWater   GIS_%_Water                      -0.0264705    -0.005068   0.02122734   0.05590852 
GC_Othr    GC_%_Other                                0            0            0            0 
P_DrtRd    %_Dirt_Road                      0.02535722   -0.0051115   0.00104083   -0.1773401 
N_DirtRd   Number_of_Dirt_Roads             0.01587676   -0.0259267   0.03578003   -0.0882779 
GISBrGnd   GIS_%_Bare_Ground                0.04080075   0.06593367   0.06076563    0.0072228 
P_PvdRd    %_Paved_Road                     -0.0053603   0.00738234   0.01694126   -0.0961657 
N_PvdRd    Number_of_Paved_Roads            0.02241017   -0.0346161   -0.0331218   0.00940809 
N_Paths    Number_of_Paths                  0.48382616   0.02259493   -0.0356723     0.038889 
P_Path     %_Path                           0.41828032   0.05044628   0.03757275   -0.0312107 
P_Herb     %_Herbacious                     0.04024481    0.4990938   0.05589203   -0.2381024 
P_DstDrt   %_Disturbed_Dirt                 0.14293054   0.44580807   -0.0738384   -0.2253311 
GC_Soil    GC_%_Soil                        0.13382108   0.43374229   -0.0850847   0.15305498 
N_2Track   Number_of_Two_Tracks             0.00689481    0.0188146   0.52755605   -0.0652187 
P_2Trk     %_Two_Track                       0.0405399   0.03514877   0.49957066   -0.1377104 
P_NatRck   %_Natural_Rock                   0.02192866    -0.078298   -0.0157958   0.47631462 
GCRock     GC_%_Rock                        -0.0382056   0.24526038   -0.0530485   0.30551491 
Dist2Pav   Distance_to_Nearest_Paved_Road   -0.0711689    -0.117215   0.03074353   0.00949467 
GC_Herb    GC_%_Herbacious                  0.09995385   0.17330579   -0.0928759   -0.0264904 
Dist2Drt   Distance_to_Nearest_Dirt_Road    -0.0272661   0.24055308   0.10964591   -0.2441313 
P_Brush    %_Brush                           0.0447851   0.08792787   -0.1071471   -0.1848914 
P_NatDrt   %_Natural_Dirt                   -0.0755279   0.10943062   0.06482121   -0.1169968 
P_DstRck   %_Disturbed_Rock                 0.12005399   -0.0468799   -0.0269545    -0.047473 
P_lt2cWd   %_<2cm_Woody                     0.00742675   0.02640135   -0.0125488   -0.0723928 
STempC     2cm_Soil_Temperature             -0.2271975   -0.0907067   0.02832997   -0.0628712 
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Appendix  4. (Continued) Standardized scoring coefficients used to compute the 
factors from the original variables. 
 
                                               Factor9     Factor10     Factor11     Factor12 
 
AvCanCov   Average_Canopy_Cover             0.01638289   0.00416684   -0.0102435   -0.0518094 
GC_Litr    GC_%_Leaflitter                  -0.1652062   -0.0243726   -0.2292625   0.23122923 
P_DecFor   %_Deciduous_Forest               -0.0889358   -0.3239146   0.25720844   0.52213129 
GC_Wood    GC_%_Woody                       -0.2127799   0.07140365   0.05251158   0.00353772 
P_JunFor   %_Juniper_Forest                 0.10150657   -0.2227458    0.1395824   0.17670739 
GISTree    GIS_%_Trees                      0.11168745   0.08525329   -0.0196909     -0.00205 
GISGrass   GIS_%_Grass                      -0.1231361   -0.1068366     -0.02891   0.01493724 
GC_Gras    GC_%_Grass                        -0.079539   0.05978463   -0.3650367   0.25647045 
P_Grass    %_Grass                          0.02894631   -0.3269279    0.3568929   0.37773861 
P_Water    %_Water                                   0            0            0            0 
GISWater   GIS_%_Water                      0.01820503    0.0408811   -0.0491657   -0.0223638 
GC_Othr    GC_%_Other                                0            0            0            0 
P_DrtRd    %_Dirt_Road                      0.06323902   -0.1257128   0.02740817   0.12546014 
N_DirtRd   Number_of_Dirt_Roads             0.05211593   -0.0512451   -0.0862308   0.01082441 
GISBrGnd   GIS_%_Bare_Ground                0.01632358   0.03039896   0.22697226   -0.0097784 
P_PvdRd    %_Paved_Road                     0.05299092   -0.0162456   0.04321318   0.03049252 
N_PvdRd    Number_of_Paved_Roads            -0.0587128   -0.0924286    0.0306838   0.06884778 
N_Paths    Number_of_Paths                  -0.0392909    0.0524888   0.11737473   -0.0306442 
P_Path     %_Path                           -0.0370089   -0.0451042   0.09404066   0.00467518 
P_Herb     %_Herbacious                     0.04469904   -0.0155703   -0.0764401   0.12115691 
P_DstDrt   %_Disturbed_Dirt                 -0.0712916   -0.1205505   0.27668577   0.10869522 
GC_Soil    GC_%_Soil                        -0.0643789   0.13130894   -0.2061815   0.12960557 
N_2Track   Number_of_Two_Tracks             0.03820018   -0.0553567   -0.0898097   -0.0241009 
P_2Trk     %_Two_Track                      0.02303093   -0.1228195   0.00699394   0.10590411 
P_NatRck   %_Natural_Rock                   -0.0789249   -0.1871205    -0.038167   0.12881924 
GCRock     GC_%_Rock                        -0.0520533   -0.0013637   -0.0326511   0.06790323 
Dist2Pav   Distance_to_Nearest_Paved_Road   0.53642457    0.0557474   0.05757714    -0.212979 
GC_Herb    GC_%_Herbacious                  0.38723965   0.02287899   0.05654701   0.28484046 
Dist2Drt   Distance_to_Nearest_Dirt_Road    0.24707531   -0.1342322   -0.1870802   0.02614704 
P_Brush    %_Brush                          -0.0225788   0.60872102   0.09626072   0.10761966 
P_NatDrt   %_Natural_Dirt                   0.05469201   0.40001136   -0.1520312   0.03479105 
P_DstRck   %_Disturbed_Rock                 0.10759006   -0.0626341   0.66977745   0.09034241 
P_lt2cWd   %_<2cm_Woody                     -0.0640602   0.02720755   0.13043918    0.7539559 
STempC     2cm_Soil_Temperature             -0.0286303   0.11573172   0.21087894    -0.398168 
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Appendix 5.  Residuals analysis of model fit. 
 
 
Variable:  resid 
                            Moments 
 
N                         132    Sum Weights                132 
Mean                        0    Sum Observations             0 
Std Deviation      0.32304818    Variance            0.10436013 
Skewness           0.24224424    Kurtosis            0.04521571 
Uncorrected SS     13.6711766    Corrected SS        13.6711766 
Coeff Variation             .    Std Error Mean      0.02811773 
 
                   Tests for Normality 
Test                  --Statistic---    -----p Value------ 
Shapiro-Wilk          W     0.990228    Pr < W      0.4826 
Kolmogorov-Smirnov    D     0.059648    Pr > D     >0.1500 
Cramer-von Mises      W-Sq  0.057002    Pr > W-Sq  >0.2500 
Anderson-Darling      A-Sq  0.376269    Pr > A-Sq  >0.2500 
 
(continued) 
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Appendix 5.  (Continued) Residuals analysis of model fit. 
 
 
   Stem Leaf                      #  Boxplot 
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